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ABSTRACT 



A pboto-sensor wherein a bundle of optical fibers is 
disposed within a predetermined substrate, the optical 
fiber bundle extending from a first surface to a second 
surface of the substrate and being formed to be flat, an 
array of photosensitive elements which have photosen- 
sitive parts on an open end face of the optical fibers at 
the first surface of the substrate is disposed integrally 
with the substrate, and an end face of die optical fibers 
at the second surface of the substrate serves as an infor- 
mation reading surface. 

22 Claims, 27 Drawing Figures 
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PHOTO-SENSOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a photo-sensor for reading 
information such as characters and patterns. The photo- 
sensor of this invention is useful as the linear image 
sensor of a facsimile equipment or optical character 
recognition, etc. 

2. Description of the Prior Art 

Heretofore, a linear silicon photodiode array has been 
generally employed as the photosensitive element of a 
facsimile transmitter, optical character recognition etc. 
Since, however, silicon is subject to limitations in the 15 
size of a producible single crystal and in the processing 
technique, the length of the linear silicon photodiode 
array has a limit. At present, the length of the linear 
silicon photodiode array achievable is only about 30 
mm at the utmost. On the other hand, an original pic- 
ture to be read has a width of, for example, 210 mm in 
the A4-size. Accordingly, in case of reading the original 
picture of the A4-size with the linear silicon photodiode 
array, the original picture is scaled down and imaged on 
the linear silicon photodiode array by the use of a lens 25 
system. 

FIG. 1 is a view for explaining this principle. Nu- 
meral 1 designates an original picture, numeral 2 a lens, 
and numeral 3 a linear silicon photodiode array. In this 
case, a certain distance is inevitably required between 30 
the original picture and the linear silicon photodiode 
array. This is very unfavorable for the miniaturization 
of the input device. In addition, in case of using such a 
lens system, there are the disadvantages that the posi- 
tioning of the lens requires much labor and that a de- 35 
graded resolution of a peripheral part and an insufficient 
quantity of light arise. 

Recently, it has been attempted to eliminate the dis- 
advantages of such a lens system by employing optical 
fibers as an optical system. 

An example of the attempt is described in detail in, 
for example, "Gazo Denshi Gakkai Shi (Bulletin of the 
Picture Electronics Society)," vol. 4, No. 2, pp. 54-61 
(1975). Hereunder, the technique will be briefly ex- 
plained. 

FIG. 2 is a view showing the operating principle of 
the prior art. In the figure, numeral 4 designates an 
original picture, and numeral 5 denotes 1,280 optical 
fibers each having a diameter of 125 pm. One side of the 
optical fibers close to the original picture is in the form 50 
of a sheet, while the other side is distributed to 20 linear 
silicon photodiode arrays (Si-S2o)- The linear silicon 
photodiode array consists of 64 photodiodes. FIG. 3 is 
an enlarged sectional view of the joined part between 
the optical fibers and the linear silicon photodiode ar- 55 
ray. In this figure, numerals 61-66 indicate optical fi- 
bers, and symbols S1-S6 silicon photodiodes. The pitch 
of the silicon photodiodes is indicated by D, the spacing 
between the silicon photodiode and the optical fiber is 
indicated by d], and the misalignment between the sili- 
con photodiode and the optical fiber is indicated by d?. 
The optical fibers and the photodiodes correspond at 
1:1. In order to prevent the breakage of the photodiode, 
a clearance d of about several hundreds fim needs to be 
provided between the optical fiber and the photodiode. 
The clearance lowers the resolution of the photo-sensor 
drastically. After all, the photo-sensor having such a 
structure is meritorious over the photo-sensor employ- 
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ing the lens system in that the degradation of the resolu- 
tion of the peripheral part and the insufficient quantity 
of light can be avoided, but it is not practical on account 
of disadvantages as listed below. 

1. The optical fibers of the structure, in which one 
side is in the form of the very thin sheet and the other 
side is distributed to the 20 linear silicon photodiode 
arrays, eventually needs some extent of length. This is 
unfavorable for the miniaturization of the device. More- 
over, there is a high possibility that the optical fibers 
will be broken by mechanical shocks such as vibrations. 

2. Inasmuch as the optical fibers must be arrayed in 
perfect conformity with the pitch of the silicon photodi- 
odes, fibers of high precision are required. The align- 
ment takes much labor, and the position is prone to shift 
in the course of use. 

3. In order to prevent the destruction of the linear 
silicon photodiode array, the optical fibers must be 
floated in use. This degrades the resolution drastically. 

There will be explained how the spacing di between 
the silicon photodiode and the optical fiber and the 
misalignment d2 between them ought to be controlled in 
case of the device of this system. 

When the spacing d] is varied, the ratio between the 
outputs of the silicon photodiodes S4 and S5 as based on 
light from the optical fiber 65 varies, by way of exam- 
ple, as follows: 

At dj*=20 fun, 

At di-50 pun, Ss/S4~10. 

At di = 100 fim, Ss/S4~5. 

(In these examples, D— 125 jxm and d2=0 u,m) 

When the misalignment d2 is varied, the ratio be- 
tween the outputs of the silicon photodiodes S2 and Si 
as based on light from the optical fiber 62 varies, by way 
of example, as follows; 

At d2-5 jim, S2/S1-IO. 

At d2=25 jim, S2/S1-4. 

At d2»45 Jim, S2/S1--2. 

(In these examples, D= 125 firn and d\— 50 /xm) 

In order to separate the information of the adjacent 
optical fibers, therefore, an adjustment of considerably 
high precision is required. Since the picture information 
is turned into a binary signal, it is required in practice to 
make d2 within ± 10 jim at di = 50 fim. The dimensional 
precision for this control is considerably high. In addi- 
tion, the requirement for the dimensional precision be- 
comes still higher to the end of enhancing the resolu- 
tion, and a resolution of 4-5 lines/mm will be a limita- 
tion in actuality. 

SUMMARY OF THE INVENTION 

This invention has been made in order to eliminate 
the disadvantages of the prior arts. The photo-sensor of 
this invention is applicable to the photoelectric trans- 
ducers of a facsimile equipment, optical character rec- 
ognition, etc. 
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An object of this invention is to provide a photo-sen- DETAILED description of twp 

sor which can read characters and patterns at high prefI ££d SSll^ 

resolution without employing any lens system. PREFERRED EMBODIMENTS 

Another object of this invention is to provide a A typical example of a substrate for use in this inven- 

photo-sensor which can render the various apparatuses 5 tion is shown in FIG- *» and FIG. 46 as a plan view and 

very small in size. 8 sectiona l view, respectively. Numeral 8 designates a 

In order to accomplish the objects, the photo-sensor bund ' e ° f °P tica3 J1 "J? 16 b " nd,e of °P tical f,bers 

of this invention fundamentally adopts a construction as *** be ™ m J? ted A , ? r b ° ndln f * e 0pti ^ f,b ^ ^? a 

described below. Within a predetermined substrate, a 10 S^J^^TT^" * I > r 

u ai r »■ la * »• , , . , , j /• 10 cated b y heating and collapsing the cladding parts of 

bundle of optical fibers is disposed which extends from the optical fibcrs mmt J 9 designates a material to 

a first surface to a second surface. Photosensitive ele- which the optical flbers 8 can ^ adhcrc By way of 

ments m the form of an array are disposed in such a example, it may be flocks of the same fibers as those 

manner that their photosensitive parts lie on an end face shown at 8, or it may be a plate such as glass plate. The 

of the optical fibers at the first surface of the substrate. 15 thickness of the substrate may be set according to re- 

At this time, the photosensitive elements are made inte- quirements of a device. In order to meet the require- 

gral with the substrate by such an expedient as vacuum- ment of miniaturization, thicknesses of approximately 2 

deposition. The array of photosensitive elements is ar- mm- 15 mm are adopted. Shown at 10 is an original 

ranged in the main scanning direction for reading infor- picture, which is an information surface. Numeral 11 

mation. An end face of the optical fiber bundle at the 20 indi cates a light source. Usable as the light source are an 

second surface of the substrate functions as an informa- electric lamp, a fluorescent lamp, a light emitting diode, 

tion reading surface. etc ' In Seneral, the illumination at the information sur- 
face is on the order of several tens lx to several hun- 

BRIEF DESCRIPTION OF THE DRAWINGS dreds lx. 

FIG. 1 is an explanatory view of a prior art employ- 25 t . The ^^rate for disposing Photosensitive elements 

. n . e e ct thereon as thus far described shall be called the "fiber 

mg a lens system, . plate." The fiber plate exemplified in FIG. 4 has its left 

FIG. 2 is an explanatory view of a prior art employ- end cut obliquely at an angle a . jy, serves for effec . 

m l?£ tlC , ■ ' - , • tivelv ent enng light. The light emergent from the light 

FIG. 3 is a sectional view for explaining the joined 30 source 11 is scattered on the surface of the original 

part between the optical fibers and photodiodes in the picture 10 as indicated by an arrow in FIG. 4& In this 

prior art of FIG. 2, case, only the light scattered within a range of a width 

FIGS. 4o and 4* are a plan view and a sectional view a near a point A enters the optical fibers 8. The light 

of a fiber plate used in this invention, respectively, emerges from plate 9 in a region of a width b near a 

FIGS. 5a and Sb are a plan view and a sectional view 35 point B on the surface of the fiber plate. Accordingly, if 

of a photo-sensor according to this invention, respec- the photosensitive elements are disposed at the position 

tively, of the point B, information such as characters in the 

FIG. 6 is a sectional view of a fiber plate, vicinity of the point A in the original picture can be 

FIG. 7 is a plan view of a fiber plate in the case where rcad At this time » in order t0 read the original picture 

stripe electrodes are formed thereon, 40 at hl S h "solution and to use the light efficiently, the 

FIGS. & through 8/are sectional views of a photo- the w * ths u a ™ d , b must be sel ^ cted 43 

sensor which illustrate the manufacturing steps of the ^f 0 "^ ^ ^ e " the m & a K ls the quan- 

photo-sensor of this invention in succession, ^^T^h g 7*™ wI ? lch 

T7T^ ft • i i- I i can he read at good resolution is limited to the close 

FIG. 9 is an explanatory view showing the essential 45 proximity t0 the point A ^ reason therefor ig ^ 

P °™™\° * P hoto : sens 1 or "»* dnver circuitry, when the c i earance between the original picture the 

FIG. 10 is a sectional view of a device showing an optica i fibers becomes large, the image of the region of 

example of use of this invention, the width b near the point B blurs. In consequence, the 

FIG. 11 is a sectional view of a device in the case area of the photosensitive parts of the photosensitive 

where an optical guide is employed for illumination, 50 elements to be disposed near the point B must be made 

FIG. 12 is a sectional view of a device in the case small. This is undesirable in rendering a signal current 

where a light emitting diode is employed as a light low. Conversely, when the angle a is small, the region 

source, which can be read at good resolution becomes large, but 

FIG. 13 is a sectional view of a fiber plate in which a undesirably the quantity of the entering light decreases, 

substrate is made opaque except a fiber portion, 33 Further, the optical fibers are buried at an angle £ with 

FIGS. 14a through 14c are sectional views of a respect to the plane of the substrate. When the angle & 

photo-sensor which illustrate another process for manu- is smaU > not onl y M S ht scattered from the part of the 

facturing the photo-sensor of this invention, original picture to be read (signal component) but also 

FIG. 15 is a sectional view of a fiber plate which has An h «? IS™?* fron ? otfier enter the flbe ? s sh( ? wn 

a reflective film s lowers tne signal-to-noise ratio undesirably. 

r?io i£ • ' i • r r-u i * • t . v On the other hand, when the angle B is too great, the 

FIG 16 ,s a sectmnal v.ew of a fiber plate » wh.ch io „ whjch ^ £ ^ ^ and ^ • 

optical fibers are buned vertically to a substrate, undesirable. Ordinarily, the angle a is selected within a 

FIG. 17 ,s a view showing an optical guide which range of 20 '-80% and the angle fi within a range of 

employs sheet-like optical fibers, and 65 w^v. More preferably, a is selected within a range of 

FIG. 18 is an explanatory view showing an optical 50"-70', and /3 within a range of 50'-80\ The angle o is 

guide which is in the shape of a sheet at one end and determined by taking into account the quantity of the 

circular at the other end. entering light, the light receiving area of the photodi- 
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odes, the required resolution, etc. Also the angle 0 has 
the optimum value determined from the signal-to-noise 
ratio and the light receiving area of the photodiodes. 
The fact that a bottom part at the right end of the fiber 
plate is obliquely cut, tends to smoothly introduce the 
original picture underneath the fiber plate irrespective 
of whether the original picture is inserted from the left 
side or right side. 

FIGS. 5a and 5b show a plan view and a sectional 
side elevation in the case where a linear photodiode 
array is disposed as photosensitive elements on a fiber 
plate, respectively. In the figures, numeral 12 designates 
a fiber plate, and numeral 13 a photosensitive material. 
Numerals 14 and 14' designate a lower electrode and an 
upper electrode, respectively. Needless to say, at least 
that part of the lower electrode 14 which forms a photo- 
sensitive part is transparent. The lower electrodes 14 
and the upper electrodes 14' are alternate, and the pho- 
toelectric materia] parts 13 are disposed in the intersect- 
ing regions in a manner to be held between the elec- 
trodes. In this example, the upper electrodes are con- 
structed of a common electrode, and the lower elec- 
trodes are stripe electrodes. In many cases, one of the 
two sorts of electrodes and the photosensitive material 
form a diode, and the photosensitive element operates 
as the photodiode. As the photosensitive material, there 
can be used a photoelectric material which can be pre- 
pared by vacuum-deposition. It includes, for example, 
an amorphous semiconductor of Se-As-Te system, 
CdSe, CdTe, PbS, etc. 

As regards this type of photo-sensor, a resolution of 4 
lines/mm to 8 lines/mm is usually required. In the case 
where the resolution is about 4 lines/mm, the area of the 
photodiode 13 is approximately 200 /imX200 /xm. In 
the case where the former is about 8 lines/mm, the latter 
is approximately 100 ^mX 100 /im. Accordingly, when 
the diameter of optical fibers is selected at about 20 um 
in advance, it becomes unnecessary to exactly adjust the 
positions of the photodiode and the fiber. When the 
diameter of the optical fibers is selected to be suffi- 
ciently smaller than the area of the photosensitive parts 
of the photosensitive elements, the fabrication of the 
photo-sensor is very easy. Since various kinds of optical 
fibers are commonly produced at diameters of or above 
5 /im, this result can be readily realized. 

Although the typical example of the fiber plate has 
been described, it is needless to say that the invention is 
not restricted to the illustrated aspect. For example, the 
end face of the optical fibers may be located at a side 
surface of the substrate. It is also possible to construct 
the fiber plate by the use of two or more components. A 
laminated plate is an example in this case. 

The photo-sensor of this invention as explained above 
has the following advantages: 

1. As no lens system is employed, apparatus employ- 
ing the photo-sensor can be miniaturized, and the 
original picture can be read without any substantial 
optical adjustments. 

2. A resolution of about 8 lines/mm can be achieved. 

3. Since no lens system is employed, the utilization 
factor of light is high, and hence, the illuminating 
light source may be of low intensity. 

4. Since the photosensitive elements are formed by 
the vacuum-deposition, the elongation of the pho- 
todiode array is easy. 

5. The method of fabrication is extraordinarily easy. 

6. A low cost can be realized. 



506 

6 

Hereunder, this invention will be described more in 
detail with reference to embodiments. 
Embodiment 1: 
The construction of a fiber plate used here is shown in 
5 FIG. 6. It is a plate obtained by putting optical fibers 
together and fusing and bonding them. The respective 
fibers are buried at an angle of 75* with respect to the 
bottom surface of the plate. The left end of the plate is 
cut at an angle of 50* so that light may enter. The opti- 
10 cal fibers employed here have a diameter of 25 a-m. 
FIG. 7 is a plan view of an electrode structure in the 
case where an array of photosensitive elements is dis- 
posed on the fiber plate. Sectional views for explaining 
the manufacturing steps of a photo-sensor are given in 
15 FIGS. 8a-8/ Referring to FIG. 7, numeral 15 desig- 
nates a fiber plate, numeral 16 an Sn02 transparent elec- 
trode, and numeral 17 a Cr electrode. The width of the 
electrodes is 200 /Am, and the spacing between the elec- 
trodes is 250 fim. Referring to FIGS. %a-%f, the fabricat- 
20 ing procedures of the photo-sensor will be explained. 
An Sn02 transparent electrode film 19 is deposited to a 
thickness of 100 nm on the surface of a fiber plate 18 
shown in FIG. 9a, and a Cr film 20 is formed to a thick- 
ness of 100 nm on the Sn02 film 19 by the vacuum-depo- 
25 sition (FIG. Hb). Unnecessary parts of the Cr film 20 are 
removed by the conventional photoresist process, to 
form stripe Cr electrodes. Using the remaining Cr film 
20 as a mask, unnecessary parts of the Sn02 transparent 
conductive film 19 are removed by the ion-beam etch- 
30 ing (FIG. 8c). Lastly, the front end parts of the Cr 
stripes are removed by the photoresist process. Then, 
windows 21 of the transparent electrodes for entering 
light are formed as shown in FIG. &/. On the stripe 
electrodes thus obtained, an Se-As-Te system amor- 
35 phous semiconductor layer 22 having a thickness of 2 
/Am is formed (FIG. 8e). The amorphous semiconductor 
layer is formed by preparing the respective evaporation 
sources of Se, As and Te and executing the mask-evapo- 
ration under a pressure of 2X 10" 4 Pa (~ 10~ 6 Torr). 
40 As the thickness of the layer, a value of 0.5 ^m-5 u-m is 
practical. The fabrication of the photosensitive material 
layer may well be done by the sputtering or the elec- 
tron-beam evaporation. Further, an upper electrode 
which is made of a metallic thin film 23 of gold (Au) or 
45 the like is formed on the amorphous semiconductor 
layer 22 by the mask-evaporation (FIG. 8/). In this 
example, a P-N junction is formed by tin oxide (Sn02) 
of the transparent electrode 19 and the Se-As-Te system 
amorphous semiconductor 22, and it operates as a pho- 
50 todiode. In this way, a linear image sensor has been 
formed on the fiber plate. Those parts of the stripe 
electrodes which are other than the windows for the 
entrance of light 21 are covered with the chromium film 
and are opaque. Accordingly, the light receiving area of 
55 each photodiode is equal to the area of the transparent 
electrode window 21. 

An example of use of the photo-sensor of the present 
embodiment will now be explained. FIG. 9 shows an 
apparatus including circuitry for deriving signals, while 
60 FIG. 10 shows a section of the photo-sensor. 

Numeral 24 designates the photo-sensor described 
above, numeral 25 a light source for illumination such as 
elongate tungsten lamp and fluorescent lamp, numeral 
26 an original picture, and numeral 27 rollers for mov- 
65 ing the original picture. Light emergent from the light 
source 25 is scattered on the original picture 26 as indi- 
cated by an arrow, and enters photodiodes 70 through 
the optical fibers 8. The information of the original 
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picture can be converted into electric signals by the (tin oxide SnC>2, etc. may be used for the film 43). The 
photodiodes. The electric signals are successively taken transparent conductor film 43 is worked into the shape 
out of the photo-sensor by a driver circuit which is of stripes by the well-known chemical etching process 
constructed of a MOS switching circuit 71, a shift regis- which uses the photoresist for a mask. In case where the 
ter 72 and a clock pulse generator 73. Numeral 74 de- 5 transparent conductor 43 is tin oxide, it is worked into 
notes an output resistance, and numeral 75 a d.c. power the shape of stripes by the well-known ion-beam etch- 
source. The bias voltage was made 25 V in the example ing process by the use of the photoresist for a mask. On 
of use. The I-V characteristics of the respective photo- the stripe electrodes 44 thus formed (FIG. 146), a layer 
diodes were as given in Table 1. 45 of a photosensitive material is formed by the vacu- 
TABLE 1 ^ ura-evaporation employing a mask. Such photosensitive 

AppUed material layers are as listed in Table 2. 

voltage 10 IX 50 Ix 100 Ix 500 Ix TABLE 2 



5 V 8 X 10 2.5 X If 3 X 102 „ x Thickness <,im> 

10V 2 X 10 2 7 X 10 2 9.5 X 10 2 2 X I0 3 ii- 

20 V 2 X 10 2 1 X 10 3 i.S X 10 3 6 X 10 3 . 15 Sc-Aa-Tc 2 

(inpA) CdSe 10 

l-JLJ. CdTc 2 

PbS 1 



In this manner, the photo-sensor wherein the linear 

photodiode array is integrally provided on the fiber Further, an upper electrode made of a metal thin film 

plate can read the information by merely putting it on zu , „ ' _ . 

the original picture, and it does not require the adjust- * 15 formed on th f e pto ^? n ?^ ™*" al layer 45 by f 

ment of a leils system. Here will be explained a method *? niask-evaporation (FIG. 14c). Then, an array of 

of illumination for enhancing the utilization factor of Photoelectric elements has been formed on the fiber 



light, 



plate. 



FIG. 11 is a sectional view of a device showing an 25 In Embodiment 2 described above, the optical fibers 
example in which an optical guide is employed for il- themselves serve as windows for the entrance of light, 
lumination. Numeral 28 designates a light source such so the chromium. film as in Embodiment 1 is dis- 
ss tungsten lamp and fluorescent lamp. Light emergent P ensed w"* 1 - Therefore, the number of manufacturing 
from the light source 28 is reflected by a reflector 29, steps can be reduced, 
and is focused on an optical guide 80. The optical guide 30 Embodiment 3: 

80 is constructed in such a way that a plate 30 of a FIG. 15 shows a sectional view of a fiber plate used 
transparent material such as glass is covered with a here. This plate is an example wherein the plate as de- 
metal such as Al 31 except its parts of an entrance sur- scribed in Embodiment I or Embodiment 2 is provided 
face 32 and an exit surface 33 for light. The light emer- with a reflective film. Numeral 48 designates an optical 
gent from the exit of the optical guide is scattered on an 35 fiber portion, and numeral 49 an evaporated film of Al, 
original picture 34 and enters a linear diode array 35. Cr or the like for reflecting light. The evaporated film 
This method raises the utilization factor of the light, and 49 is formed by the mask-evaporation or any working 
simultaneously prevents the photodiodes from undergo- process employing the photoresist. The reflecting evap- 
ing a temperature rise due to the radiation heat of the orated film 49 is disposed in order to prevent light from 
light source. 40 entering from the other part than the required fiber 
FIG. 12 is an explanatory view in the case of employ- portion. An array of photosensitive elements is formed 
ing a light emitting diode as a light source. Numeral 36 on the fiber plate by quite the same method as in Em- 
indicates a metallic block serving also as a heat sink. In bodiment 2. In case of Embodiment 2, the unnecessary 
order to uniformly illuminate an original picture, a light light is absorbed, whereas in case of Embodiment 3, the 
emitting diode array 37 in which light emitting diodes 45 light is reflected, which is advantageous in enhancing 
are arranged at equal intervals is mounted on the fore the utilization factor of light, 
end of the metallic block 36. Light scattered by the Embodiment 4: 

original picture 39 enters the photo-sensor 38. An ad- In the embodiments described thus far, the optical 

vantage of this method is that the light emitting diodes fibers are buried obliquely to the plane of the fiber plate, 

are small. Moreover, since they are the light source of 50 However, the optical fibers may well be buried verti- 

low temperature, they can be brought extremely close cally to the plane of the plate. FIG. 16 shows a sectional 

to the part of the original picture 39 to be read. Accord- view of such an example. Numeral 50 designates a plate 

ingly, the utilization factor of light is remarkably en- made of a material which can be readily bonded with 

hanced. optical fibers 51 (for example, a glass plate which is 

Embodiment 2: 55 either transparent or opaque). It is also allowed to make 

A sectional view of a fiber plate used in this example the whole structure a bundle of optical fibers. In this 

is shown in FIG. 13. The difference between this fiber case, a predetermined light-intercepting film needs, of 

plate and that of the fiber plate of Embodiment 1 is that course, to be provided. The bundle of optical fibers 51 

optical fibers 40 are used only at a part at which photo- is arranged perpendicularly to the surface of the plate 

diodes are disposed, while the other part is made of an 60 50. A part of the bottom of such a plate is removed, In 

optically opaque material (for example, colored glass of the resultant hollow, an optical guide 52 which guides 

black). Transparent glass may be used for the plate, and light for illuminating an original picture 53 is placed, 

at this time, a light intercepting film is necessary as in Although the optical guide 52 may be a thin glass plate, 

Embodiment 1. A method of forming this photo-sensor the use of a structure in which optical fibers are ar- 

will now be explained in the order of manufacturing 65 ranged in the form of a sheet is more meritorious when 

steps. FIG. 14<j shows the fiber plate 42 described the utilization factor of light is taken into account. Such 

above. A transparent conductor, film 43 made of indium a structure is shown in FIG. 17. In this figure, humeral 

oxide In203 is deposited 1,000 A on the fiber plate 42 54 indicates optical fibers. The front ends of the respec- 
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tive fibers are obliquely cut as illustrated in FIO. 17. 
This serves to illuminate the original picture more effec- 
tively. The optical guide made of the optical fibers must 
employ an elongate light source in the case as illustrated 
in FIG. 17. In this respect, an optical guide 55 one end 
of which is in the shape of a sheet and the other end of 
which is circular as depicted in FIG. 18 has the advan- 
tage that a single electric lamp 56 suffices. A linear 
photodiode array is formed on the aforecited fiber plate 
by quite the same method as in Embodiment 2. 
Then, a photo-sensor is completed. 
What is claimed is: 

1. A photo-sensor comprising a predetermined sub- 
strate, a bundle of optical fibers which is disposed in 
said substrate and which extends from a first surface to 
a second surface of said substrate, and an array of pho- 
tosensitive elements which is integrated onto said sub- 
strate, said photosensitive elements haying photosensi- 
tive parts on an end face of said optical fibers at said first 
surface of said substrate, an 

end face of said optical fibers at said second surface of 
said substrate serving as an information reading 
surface. 

2. A photo-sensor comprising a predetermined sub- 
strate, a bundle of optical fibers which is disposed in 
said substrate, which extends from a first surface to a 
second surface of said substrate and which is formed in 
the shape of a sheet, and an array of photosensitive 
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8. A photo-sensor according to claim 7, wherein said 
optical fibers intersect orthogonally to said first surface 
of said substrate. 

9. A photo-sensor according to claim 4, wherein a 
light reflecting film is disposed on said second surface of 
said substrate except at least a predetermined part on 
said end face of said optical fibers. 

10. A photo-sensor according to claim 1, wherein said 
substrate is constructed of a bundle of optical fibers, and 
a predetermined portion of these optical fibers forms an 
information transmitting part. 

11. A photo-sensor according to claim 2, wherein said 
substrate is constructed of a bundle of optical fibers, and 
a predetermined portion of these optical fibers forms an 
information transmitting part. 

12. A photo-sensor according to claim 4, wherein said 
substrate is constructed of a bundle of optical fibers, and 
a predetermined portion of these optical fibers forms an 
information transmitting part. 

13. A photo-sensor according to claim 1, wherein said 
substrate is made of glass. 

14. A photo-sensor according to claim 2, wherein said 
substrate is made of glass. 

15. A photo-sensor according to claim 4, wherein said 
substrate is made of glass. 

16. A photo-sensor according to claim 1, wherein said 
photosensitive elements are integrated onto said sub- 
strate in such a manner that transparent electrodes, a 
photosensitive material layer and upper electrodes are 



elements which is integrated onto said substrate, said ^ stacked on ^ su bstrate in the order mentioned. 



photosensitive elements having photosensitive parts on 
an end face of said optical fibers at said first surface of 
said substrate, an end face of said optical fibers at said 
second surface of said substrate serving as an informa- 
tion reading surface. 35 

3. A photo-sensor according to claim 2, wherein said 
bundle of optical fibers is formed to be flat. 

4. A photo-sensor according to claim 3, wherein said 
substrate has a third surface which intersects at an acute 
angle a with at least extensions of said second surfaces 40 
of said substrate to which said optical fibers are open, 
said optical fibers intersect at an angle £ with said first 
surface of said substrate, and said end face of said fibers 

at said second surface of said substrate is open near a 
line of intersection between said second surface of said 45 
substrate and that part of said third surface of said sub- 
strate which lies on an information surface side. 

5. A photo-sensor according to claim 4, wherein said 
angle a is 20°-80% and said angle is 30*-80\ 

6. A photo-sensor according to claim 4, wherein said 
angle a is 50°-70% and said angle p is 50*-8O\ 

7. A photo-sensor according to claim 3, wherein said 
first and second surfaces of said substrate to which said 
optical fibers are open are substantially parallel, said 
substrate has a third surface which is substantially paral- 
lel to said second surface of said substrate and which 
protrudes beyond said second surface and adjoins said 
second surface with a level difference, and said third 
surface is a surface which contacts with an information 
surface. 60 
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17. A photo-sensor according to claim 2, wherein said 
photosensitive elements are integrated onto said said 
substrate in such a manner that transparent electrodes, a 
photosensitive material layer and upper electrodes are 
stacked on said substrate in the order mentioned. 

18. A photo-sensor according to claim 4, wherein said 
photosensitive elements are integrated onto said sub- 
strate in such a manner that transparent electrodes, a 
photosensitive material layer and upper electrodes are 
stacked on said substrate in the order mentioned. 

19. A photo-sensor according to claim 1 wherein the 
photosensitive element has at least a body of a photo- 
sensitive material made by an evaporation method. 

20. A photo-sensor according to claim 2 wherein the 
photosensitive element has at least a body of photosensi- 
tive material made by an evaporation method. 

21. A photo-sensor according to claims 16, 17, or 18, 
wherein the photosensitive material layer is made by an 
evaporation method. 

22. A photo-sensor according to claim 1, wherein said 
photosensitive elements comprise, at least, 

a transparent electrode, 

an opaque film covering said electrode to produce a 
window, 

a semiconductor layer formed on said electrode to 
produce a P-N junction over at least a portion of 
the surface of said window, and 
a second electrode formed on said semiconductor 
layer. 
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